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this variation specific distinctions are founded. The smallest sponge 
of this kind thus far found is three inches in diameter, and the 
largest, twelve inches. Frequently the fingers were found detached 
from the body ; and in one case two large ones were found near each 
other, having so grotesque a resemblance to a pair of diminutive 
human feet that for a time my assistants positively refused to aid me 
further ! The exterior of the Brachiospongia is silicified, while 
through the interior characteristic silicious spicules are distributed. 
Near the center of the base, and opposite the mouth of the cup, is 
a small papilliform cone, which others have regarded as the point 
by which the sponge was attached to its support. But, in my 
opinion, this is a hasty conclusion ; and I think it can be shown that 
this basal protuberance is the remnant of a partially absorbed arm. 
In a specimen of B. Hoveyii (Marsh), having twelve arms, only six 
of which appear in the figure (see fig. 2), there is evidence that the 
sponge arms, though constant in their specific numbers, were at in- 
tervals liable to alternate absorption and reproduction. The arm, 
marked A, seems to be the youngest in a series of which the basal 
cone, marked B, is the retiring member. A more careful study of 
these curious and highly interesting fossils may serve to throw light 
upon the mysterious laws of spongoidal growth. 

[ Fig. 2.] 




PLIOCENE TERTIARY OF WESTERN KANSAS. 



BY B. F. MUDGE. 



The Tertiary deposits of Western Kansas have been but little 
examined, and consequently our knowledge of the peculiar character 
of its geology is quite limited. The exceedingly rich and varied 
fossils of the Cretaceous (Niobrara group) immediately under it, 
have probably led to its neglect. Even its extent has hardly been 
noticed. Professors Cope and Marsh have both in their visits to the 
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Cretaceous made some casual notices of it, without spending much 
time in searching for its fossils. The writer, in the summer of 187-2, 
spent a fortnight in its examination in the vicinity of Prairie Dog 
creek, but as the deposit was there very barren of organic remains, 
little satisfaction was obtained. During the past summer and fall 
we have been engaged in careful exploration of the Cretaceous, lying 
immediately under it, and consequently have seen it over a wide 
extent, and found its fossils more numerous and more varied in 
character than we had at first supposed. 

In tracing its limits, we find it most easterly in the northern part 
of Smith county, where it is seen only on the tops of the highest 
hills. Its position there as elsewhere is very nearly horizontal, but 
usually dipping slightly (not more than five or eight feet to the mile) 
northwesterly. As the country rises about eight feet to the mile 
toward the headwaters of the Republican and Solomon, the deposits 
in question gradually descend lower down, and in Norton county 
entirely compose the hills, and fill the valleys and ravines. It then 
continues to the extreme western boundary of Kansas. Thus it ex- 
tends on the Nebraska line, on the hilltops of Smith and Phillips 
counties, about fifty miles, and then, becoming the only deposit seen 
in Norton and other westerly counties, for one hundred and twenty 
miles farther, or a total of one hundred and seventy miles within the 
bounds of our state. Tracing its boundaries southerly and westerly, 
we find its limits bending rather rapidly toward Colorado. 

It is not found in the southern part of Smith or Phillips counties; 
and in Rooks county, still farther south and west, it is seen only in 
the western portion, crossing the Solomon on the hills in the vicinity 
of Logan. From thence it tends more directly south, and is found 
on all the hills in the northeastern part of Ellis county, on both 
sides of the Saline river. It does not, however, cross to the Smoky 
Hill river, twenty miles distant, tor the next seventy-five miles. It 
turns toward Colorado, and is not seen again in the lower valleys, 
but only as a landmark forming the tops of the hills. In the vicinity 
of Fort Wallace, it appears south of the Smoky, and is seen occa 
sionally for forty miles south and southeast of that place. 

On examination of the country westerly of the boundary given, 
we shall find that the Pliocene occupies, in common with the Creta- 
ceous (Niobrara group), about one-half of the area of the country 
for three thousand square miles, while it entirely covers the north- 
western part of Kansas to the extent of about twice that number, 
or six thousand square miles. It will thus be seen that if a geolog- 
ical map were to be made of the Pliocene, its outlines on the east 
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and south would be very irregular; the higher portions of the country 
presenting the sandstones of the Pliocene, while the ravines and 
valleys would show the chalky limestones and shales of the Creta- 
ceous. 

The fossils which we at first supposed rare in the Pliocene, were 
found in our later visit more abundant and very interesting. As our 
labors the past six months were devoted to the collection of verte- 
brate fossils from the Niobrara, our examination of the former was 
casual, and only along the line of their union. The fossils of the 
two were found in situ and within ten vertical feet of each other, 
and frequently in the shales mingled together. The contrast is very 
great. While the Cretaceous are nearly all marine, with no mam- 
mals, those of the other are nearly all mammalia of modern types. 

The Pliocene gave us bones of deer, beaver, a larger animal of 
the ox family, two species of horse, less in size than our smallest 
Indian ponies, a wolf, ivory from the mastodon or elephant, bones 
of the rhinoceros and camel, also some remains of an undetermined 
character. In addition to these we have the the bones and carapace 
of a large fresh-water turtle, five feet in length, and a few obscure 
marine fossils; also what appear to be the casts of stems of water- 
plants. All these, as may readily be considered, are of extinct 
species, and some of extinct genera. All the bones are fossilized, 
and most of them changed to hard, compact silica. The most inter- 
esting of these is the ivory. In the process of petrifaction, the 
tusk must have been so softened as to admit the intermixture of 
black oxyd of manganese* in solution, which then crystalized in 
delicate sprigs. The ivory was then silicified into nearly pure quartz, 
with the hardness of that substance. Thus we have the ivory con- 
verted to the so-called moss agate. Some fragments could not be 
detected in appearance from that. gem. Specimens of it have been 
sent to the cabinet of Yale, and a few are deposited in our collec- 
tion of the Kansas Academy of Science.f The agencies of nature 
that changed this ivory to silicious moss agate must have been some- 
what similar to the hot springs of Iceland and the Yellowstone Park. 
Those springs will change organic substances to silica — the only 
known natural agency which will do so in a thorough manner. 

The materials of the Tertiary-Pliocene are in as strong contrast 
with those of the Cretaceous as are the fossils. While the latter is 
composed of fine-grained chalk and shales, the former is of silicious 
sand, in many places intermingled with coarse pebbles of metamor- 

*On a chemical test, by Prof. Kedzie, some iron was found with the manganese. 

t They were submitted to the inspection of the members at the reading of this article. 
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phic rock. For the most part, the sandstone is in a very friable 
state, crumbling on exposure to the atmosphere ; and where it is 
more compact, its mechanical composition is so irregular as to ren- 
der it almost entirely unfit for a building material. When firmly 
consolidated, it forms the tops of the table-like hills of northwestern 
Kansas. At Bread-Bowl Mound, in Phillips county, it is nearly two 
hundred feet above the water of Deer creek, and at Sugar Mound, 
in the western part of Rooks county, which is nearly three hundred 
feet above the waters of the Solomon, it forms seventy five feet of 
the upper portion. Farther west, it occupies the whole of the visible 
deposit, and the mounds are not so prominent. On Prairie Dog 
Creek, in Norton county, it is about four hundred feet in thickness, 
Beyond, westward, we have reason to believe that the formation is 
still thicker. Our time and engagements have never allowed us to 
visit in the extreme western counties. 

The occurrence of moss agates (as they are called) on the plains, 
in the western part of the state, is well known. Beautiful specimens 
have been picked up, and are frequently worn as jewelry. As they 
are found in the loose gravel, they have been supposed to owe their 
present deposit to drift, their original home having been in the 
north. But I was somewhat surprised to find that they originated 
in the Pliocene deposit, within the bounds of western Kansas, near 
their present position. In Wallace county, this Pliocene consists of 
a silicious deposit, formed of material varying from coarse flint- 
quartz, to chalcedony, milk-white to transparent; sometimes present- 
ing a fine semi-opal appearance. Oxyd of manganese, more or less 
crystalized in minute, moss-like sprigs, extend through the whole 
strata of eight feet. The lower part is formed of the coarser 
materials, and it is only in the upper six inches that we find any moss 
agate fit for the lapidary. Some of them are very fine and trans- 
parent. The whole mass is extremely interesting to the mineralo- 
gist, as showing the moss agate in the whole process of formation. 
The lower portion indicates an imperfect chemical solution of the 
silica and oxyd of manganese, therefore the crystalization is im- 
perfect; while the upper inch, or half-inch, contains the best 
specimens, evincing the deposit in a higher state of chemical de- 
velopment. 

The fossil ivory must have been subjected to this same chemical 
process. This deposit I first noticed as the broken cap-rock of the 
two buttes two miles southwest of Sheridan, and half a mile from 
the line of the Kansas Pacific railway. They form a notable land- 
mark to travelers. It in like manner forms the cap-rock of all the 
high hills of that vicinity. It retains its thickness near Fort Wallace 
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but twenty-five miles south of Chalk creek had decreased one-half, 
and the best agates were only in the caps of two inches. The dis- 
integration of the sand-rock would of itself give a poor soil. While 
this is its character in many places, in others we found a mixture of 
vegetation, which was fertile. Springs and streams are not abund- 
ant, but where found (like others in sandstone regions), the water is 
good ; and we will add, that in all our experience of eight summers 
camping in western Kansas, we have never met with a single " alkali" 
spring, or a single acre white with alkali deposit. There are a few, and 
but a few, salt springs which may at some day be made useful in 
furnishing settlers with salt. 

We have thus given a few notes of this important geological 
formation, showing how little we yet know of our own territory. 



ON DETERMINING THE SOLUBILITIES OF METALLIC 

SALTS. 

BY PROFS. GEO. E. PATRICK* AND ALFRED B. AUBERT.f 



The determination of the solubility of a metallic salt in water or 
other solvent is apparently a matter so simple and so easy of execu- 
tion as to offer little difficulty to the chemist ; and hence one would 
naturally expect that the results of different chemists, who have in- 
vestigated the solubility of the same salt, would show the greatest 
concordance. But notwithstanding this apparent simplicity, any one 
who has reviewed the subject must admit that the results obtained 
by different workers in this field show a lamentable lack of harmony. 
This lack of harmony must be due to the neglect of certain precau- 
tions essential to accurate work, which precautions must relate to 
one or all of the following points : 

I. Purity of material. 

II. Degree of saturation of the solvent at the temperatures at 
which the determinations are made. 

III. Reliability of the process by which the amount of dissolved 
salt is estimated, and accuracy in the execution of that process. 

Upon the first and third points the liability to error is compara- 
tively slight, the exercise of ordinary care only being necessary. 
But upon the second point there is the greatest danger of error; for 
unless special precautions are taken, it is difficult to obtain a solution 
at any given temperature, containing the normal amount of salt for 

•Professor of CBemistry and Physics, Kansas University, 
t Professor of Chemistry in Maine Agricultural College. 



